Inhibition of the P2Y 12 pathway by the platelet antagonist clopidogrel is associated with a marked reduction in platelet reactivity. Recent reports have shown that P2Y 12 inhibition has anti-inflammatory effects as well. However, whether clopidogrel withdrawal is associated with proaggregatory and proinflammatory effects has not yet been explored. Since diabetic subjects are characterized by a prothrombotic and proinflammatory status, we hypothesize that these patients may be more vulnerable to these effects. A total 54 patients with diabetes on long-term (12 months) dual antiplatelet therapy (aspirin plus clopidogrel) were studied. Platelet aggregation (following 6 and 20 mol/l ADP stimuli) and inflammatory markers (Creactive protein and P-selectin expression) were assessed before and 1 month following clopidogrel withdrawal. Following clopidogrel withdrawal, aspirin responsiveness using platelet function analyzer-100 was determined as well. A significant increase in all the assessed platelet (P < 0.0001 for 6 and 20 mol/l ADP-induced aggregation) and inflammatory (P < 0.05 for C-reactive protein, P < 0.001 for P-selectin expression in resting platelets, and P < 0.0001 for P-selectin expression in ADP-stimulated platelets) biomarkers was observed following clopidogrel withdrawal. Low responders to aspirin had increased platelet aggregation profiles (P < 0.05 for 6 and 20 mol/l ADPinduced aggregation) but no differences in inflammatory markers. In conclusion, clopidogrel withdrawal is associated with an increase in platelet and inflammatory biomarkers in diabetic patients, supporting pleiotropic effects coupled with P2Y 12 receptor antagonism. Diabetes 55: 780 -784, 2006 
T
he addition of clopidogrel to aspirin is associated with a marked reduction in platelet reactivity, which represents the main mechanism through which dual antiplatelet therapy exerts its clinical benefits (1) (2) (3) (4) . Such clinical benefits may also be attributed in part to the fact that many patients have abnormally high platelet reactivity despite being treated with aspirin; these patients are termed "low responders" and have a higher risk of ischemic events (5) . Further, recent reports have shown that clopidogrel has antiinflammatory properties as well; therefore, clopidogrel may exert its beneficial effects by "cooling-off " two important pathogenetic pathways, platelet reactivity and inflammation, both deeply involved in atherothrombotic disease (6 -10) .
In patients undergoing percutaneous coronary intervention (PCI), current recommendations limit the use of a dual antiplatelet regimen to 1 year, following which patients withdraw clopidogrel and indefinitely maintain treatment with aspirin (11) . Although numerous reports have focused on the functional implications on inflammation and platelet reactivity achieved with the addition of clopidogrel, how these may be affected by its withdrawal is unknown. Notably, patients with diabetes have increased platelet reactivity and a proinflammatory status, which explains why they highly benefit from antiplatelet therapy and also why they are more susceptible to atherothrombotic events in the absence of antiplatelet therapy (12, 13) . In the present report, we assessed how clopidogrel withdrawal influences markers of inflammation and platelet aggregation in diabetic patients and how individual responsiveness to aspirin may impact these biomarkers post-clopidogrel withdrawal.
RESEARCH DESIGN AND METHODS
A total of 54 patients with diabetes were studied. Type 1 and type 2 diabetes were defined according to the World Health Organization report (14) , and diet-controlled diabetic patients were excluded. Arterial hypertension was defined as a systolic blood pressure Ն140 mmHg and/or diastolic blood pressure Ն90 mmHg on two or more separate occasions or as the use of antihypertensive agents. Hypercholesterolemia was defined as a total cholesterol level Ն240 mg/dl or as the use of a lipid-lowering agent. All patients had previously undergone PCI and were treated with clopidogrel (75 mg/day) for 1 year. All patients were concomitantly treated with the same dose of aspirin (100 mg/day). After 1 year, clopidogrel was withdrawn and patients maintained aspirin indefinitely. Blood sampling was performed at their 1-year PCI clinical follow-up (study time-point 1: patients on aspirin and clopidogrel) and 1 month after clopidogrel withdrawal (study time-point 2: patients only on aspirin). Blood sampling was performed 2-4 h after antiplatelet drug intake, and markers of inflammation and platelet aggregation were assessed at both time points. Following clopidogrel withdrawal, responsiveness to aspirin was assessed as well. Patients who were on other antithrombotic drugs (oral anticoagulants, dypiridamole, or cilostazol) or who had presented with an acute ischemic event over the previous 12 months were not eligible for the study in order to avoid confounders on the biomarker assessments. Inflammatory and platelet biomarker assessments. Inflammatory markers included high-sensitivity C-reactive protein (hs-CRP) and P-selectin expression. Hs-CRP was quantified by kinetic nephelometry with an immunochemical system (IMMAGE CRPH; Beckman Coulter). Cell-surface P-selectin expression (CD62-P) was measured by whole-blood cytometry before and after 2 mol/l ADP stimuli (ChronoLog, Havertown, PA), as previously described (3, 4) . In brief, P-selectin expression was assessed using a phycoerithrin-conjugated anti-CD62P antibody (final concentration 0.3 mg/l; Becton Dickinson, San José , CA). An EPICS-XL PROFILE II flow cytometer (Coulter, Miami, FL) was used for the assessment. Samples were analyzed within 2 h by flow cytometry, and platelets were identified based on particle size (forward scatter) and complexity (side scatter). Light scatter and fluorescence data from 10,000 platelet events were collected with all detectors in logarithmic mode. Acquisition and processing data were analyzed with XL2 software (Coulter). P-selectin expression was expressed as the percentage of platelets positive for antibody binding.
Platelet aggregation was assessed using platelet-rich plasma (PRP) by the turbidimetric method in a two-channel aggregometer (490 model; Chrono-Log, Havertown, PA), as previously described (3, 4) . Platelet agonists included 6 and 20 mol/l ADP (Chrono-Log). PRP was obtained as a supernatant after centrifugation of citrated blood at 800 rpm for 10 min. Platelet-poor plasma (PPP) was obtained by a second centrifugation of the blood fraction at 2,500 rpm for 10 min. The platelet count in PRP was adjusted to the range of 250.000/l by dilution with autologous plasma when the platelet count was out of range. Light transmission was adjusted to 0% with PRP and to 100% for PPP for each measurement. Platelet aggregation was assessed within 2 h from blood sampling. PRP was kept at 22°C before use and at 37°C 1 min before running the aggregatory test. Aggregation was assessed in siliconized tubes at 37°C in constant stirring conditions, and curves were recorded for 5 min. Platelet aggregation was determined as the maximal percentage of change in light transmittance from baseline using PPP as the reference.
Responsiveness to aspirin was assessed using the platelet function analyzer (PFA)-100 system (Dade-Behring International, Miami, FL). The PFA-100 is a microprocessor-controlled instrument/test cartridge system used to assess platelet function simulating platelet-based primary hemostasis in vitro (15) . A syringe aspirates citrated whole blood under high shear-flow conditions (5,000 -6,000 s Ϫ1 ) through a small aperture (150 m) cut into a membrane placed in the test cartridge. Sensitivity to aspirin is assessed by cartridges presenting a membrane coated with type I collagen and 10 g epinephrine bitartrate (collagen and epinephrine [CEPI] ). The time necessary for the occlusion of the aperture, defined as closure time (CT), is indicative of platelet reactivity on the whole blood sample. CEPI-CT ranges between 94 and 193 s and is prolonged in patients treated with aspirin (15,16). After 300 s the process automatically terminates. A CEPI-CT Յ193 s (upper normal range limit) has been considered as a cut-off value to define low responders to aspirin and was used accordingly in the present study (15, 16 
RESULTS
Baseline characteristics and demographics of the study population are described in Table 1 . Following clopidogrel withdrawal, there was a significant increase in markers of inflammation (P Ͻ 0.05 for hs-CRP, P Ͻ 0.001 for Pselectin expression in resting platelets, and P Ͻ 0.0001 for P-selectin expression in ADP-stimulated platelets; Fig. 1 ). Platelet aggregation profiles also increased significantly following clopidogrel withdrawal (P Ͻ 0.0001 and P Ͻ 0.0001 for 6 and 20 mol/l ADP, respectively; Fig. 2 ). There were no differences in hematocrit (40.5 Ϯ 3.8 vs. 41.2 Ϯ 3.3%), platelet count (222.3 Ϯ 58.9 vs. 232.2 Ϯ 51.5 10 9 /ml), and mean platelet volume (8.9 Ϯ 1.0 vs. 8.8 Ϯ 1.2 fl) before and after clopidogrel withdrawal. A1C levels (7.1 Ϯ 1.3 and 7.1 Ϯ 1.9% before and after clopidogrel withdrawal, respectively) did not correlate with inflammatory or platelet biomarkers.
In the overall study population, 24 patients (44%) were low responders to aspirin (CEPI-CT Յ193 s). These patients had baseline characteristics and demographics similar to those of patients with more optimal responsiveness to aspirin (n ϭ 30). Following clopidogrel withdrawal, low responders to aspirin had increased platelet aggregation profiles compared with aspirin-sensitive patients (P ϭ 0.036 and P ϭ 0.01 for 6 and 20 mol/l ADP, respectively; Fig. 3 ). No differences were observed in platelet aggregation profiles in these patients when they were concomitantly treated with clopidogrel (P ϭ 0.4 and P ϭ 0.3 for 6 and 20 mol/l ADP, respectively; 
DISCUSSION
This is the first report to assess the effects of clopidogrel withdrawal on inflammatory and platelet biomarkers in patients on long-term dual antiplatelet therapy. The main finding of this study is that diabetic patients on long-term dual antiplatelet therapy experience proinflammatory and prothrombotic effects following clopidogrel withdrawal. In addition, low responders to aspirin identified using a point-of-care assessment showed increased platelet aggregation profiles.
Several reports have shown that withdrawal of oral antiplatelet agents, in particular aspirin, is associated with an increased risk of death and myocardial infarction, likely related to a rebound in platelet reactivity (17) (18) (19) . In the current era of drug-eluting stents, there is a growing concern with regards to withdrawal of oral antiplatelet therapy, in particular clopidogrel, since this has been highly associated with stent thrombosis (20) . In a series of (30) Data are means Ϯ SD and n (%).
2,229 patients, Iakavou et al. (20) showed that premature discontinuation of oral antiplatelet agents was the most important predictor of stent thrombosis. Diabetes is another independent predictor of stent thrombosis (20) . The increase in proaggregatory and proinflammatory profiles (both intrinsically associated with thrombotic formation) found in our functional study may therefore be the explanatory mechanisms that contribute to this undesired event.
Another finding from this study is the observation that patients with low responsiveness to aspirin are more likely to have higher platelet aggregation profiles. This may explain why stent thrombosis occurs only in selected patients after clopidogrel withdrawal. The observation that patients with diabetes frequently have suboptimal response to aspirin may also be implicated in their increased thrombotic event rate, which has been invoked as a potential mechanism leading to stent thrombosis occurring even after 1 year of clopidogrel treatment (21) (22) (23) (24) (25) . Several mechanisms lead to reduced responsiveness to aspirin and increased platelet reactivity in diabetic patients, including increased platelet exposure to ADP (21) . This may explain why the use of the ADP receptor antagonist clopidogrel is superior to aspirin in secondary prevention of ischemic events in diabetic patients (26) . Although patients with reduced sensitivity to aspirin identified while concomitantly treated with clopidogrel have been shown to have increased platelet reactivity compared with aspirin-responsive patients (27) , notably in this study we observed that patients with reduced aspirin sensitivity who were identified following clopidogrel withdrawal had no significant differences in platelet aggregation when treated with clopidogrel. Overall, these findings suggest that clopidogrel may hamper the effects of increased ADP exposure, although not overcome other mechanisms involved in the aspirin resistance phenomenon. Whether clopidogrel will improve clinical outcomes in low responders to aspirin is still unknown and is currently being evaluated in the ongoing CHARISMA (Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization Management and Avoidance) trial, which includes over 6,000 patients with diabetes (28) .
Currently, several techniques are available to assess aspirin responsiveness, and the prevalence of low responders to aspirin may vary according to the sensitivity of the test used (5) . The high sensitivity of the PFA-100 system explains why the prevalence of low responders is elevated when using this technique (29) . In fact, PFA-100 assesses platelet reactivity in whole blood; therefore, individual responsiveness to aspirin is strongly affected by pathways of platelet activation other than cyclooxygenease-1 (29) . The pathways extrinsic to the cyclooxygenease-1 enzyme are highly implicated in the diabetic platelet, overestimating the incidence of the aspirin resistance phenomenon (21, 29) . However, our results compare favorably with those previously described using the same methodology (30) . Despite the limitations of systems that do not measure cyclooxygenease-1 inhibition directly, but rather measure platelet reactivity such as PFA-100, these techniques present the advantage of being simple and rapid to use as well as widely available compared with other techniques, such as traditional aggregometry or thromboxane metabolite assessment. Therefore, the prognostic implications associated with increased platelet reactivity make PFA-100 a useful tool for risk stratification to define patients with a prothrombotic status and who may potentially benefit from more aggressive antithrombotic regimens (31) .
The lack of differences in inflammatory markers based on individual responsiveness to aspirin, in particular hs-CRP and P-selectin, is in line with the previous demonstration that aspirin does not affect either of these markers (32-34). On the contrary, adjunctive treatment with clopidogrel has been associated with a reduction in these markers, which have both been associated with worse outcomes, even after PCI (35) (36) . These anti-inflammatory effects may therefore be specifically linked to the ADP P 2 Y 12 receptor antagonized by clopidogrel (6 -9). Cumulatively, these findings support the hypothesis that clopidogrel is not just an antiplatelet agent, but a drug with pleiotropic effects, which contributes to its long-term benefits. The impact of clopidogrel on inflammatory markers and how this may affect clinical outcomes is also being evaluated in the CHARISMA trial (28) .
In conclusion, clopidogrel withdrawal is associated with proinflammatory and prothrombotic effects in patients with diabetes, supporting the pleiotropic properties coupled with P 2 Y 12 receptor antagonism. The prognostic implications associated with increased platelet reactivity and enhanced inflammatory status, which include progression of atherosclerotic disease and atherothrombotic complications, underscores the potential clinical impact of these functional findings (23) (24) (25) (35) (36) (37) (38) (39) . The influence of clopidogrel on inflammatory markers and platelet biomarkers and how these may affect long-term clinical outcomes is currently being evaluated in a large-scale randomized clinical trial. Study limitations. The lack of samples before clopidogrel administration is a limitation to this study, and it would have been of adjunctive value to define the extent to which our findings represent a "rebound" phenomenon as well as to better define responsiveness to antiplatelet treatment. Nevertheless, the overall degree of post-treatment platelet reactivity rather than responsiveness appears to be more important to predict future ischemic risk (39 -40) . In addition, this study was carried out only in diabetic patients, and whether proinflammatory and proaggregatory effects following clopidogrel withdrawal may be found in nondiabetic patients cannot be extrapolated from this functional study. Nevertheless, homogeneous, albeit small, patient populations are mandatory to better assess these functional implications. Ultimately, larger scale studies are warranted to assess the clinical implications of the surrogate markers assessed in the specific scenario of our study. 
